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) (±, 5 x 1 0 1 6/ cm 3^±l X 1 0 1 ^Xcm^^m, L< l±, IX 
1 0 1 Vcm3M±7X 1 0 1 7 / c m 3 ttK*^o 
0 t±, ^M^T'ti Z n £ p M K-/*> h <h LTi^Jp LfzA 1 GaAsl 
ili'Al x Ga i- x Asi:i3^T, x = 0. 7fiJt) J: ^ & ^ , pSK-^'> 
hmmii, 4 x 1 0 1 6/ cm 3].l±9 X 1 0 1 7 / c m 3 if L<li9 

X 1 0 1 6 / c m 3 J^JLJL 6X10 17 /cm3 J^T<7>f&Hl*lt;\ plAlGal 
nP?77Ki6if) < I^^tLTv^ 0 f£y- r>3>!2 0 <?)1?£ t 2 

<i0. 1 mJ^Ji 5 fx mWT, Si L<li0. 5^1113/^111^^^0 p 
MA 1 G a I n P ? 9 y M6^7V3>12 0 £ l±*'>T*-f > ^ff"l^#Wi 
6 0 Zmf&L. Z^W-Z t 1 pIA lGaInP^77K|6^7 

v a >m 2 0 tO^tM?^) (±0. 6 ju m&±l 0 /umJzffiT~$>2> 0 
[0 0 4 8] 

J1T\ EI 1 (D&itm^ 1 0 0 <7)MMt:^v^^t^ 0 
if, HI 1 H^i"<t ^ G a A s^^mi ^m-±mM\Z^ nlGaA 
s/<7 7r|2 #&*-£&itMU2 4 <h LT, nlA 1 Ga I nP^77 Ki 
4 , A 1 G a I n P fSfeM 5 , S^'plA 1 Ga I nP?77 F|6 (tt±0 1 
#bs) , ?f)CAlGaAsJ:H^^7y3>12 0 £ - <7>JilIJ^ i:x^ 
•^H&:ft£-tf\ @2 (a) <DWMtirZ>o in?>#*OJ.if^^f->^;nSS(i, 
&&0^1«£JRSMB^tf **->*A'j£S (MetalOrganic Vapor Phase Epitaxy I 
MO V P E) «t «9 ff - ho A U Ga, In, Pl^A s <D# 

• a l M-ffx ; h ^f^7;Kx>)^ (tma i ) , h 'jxf;i/7;K-^A 
(TE A 1 ) fcfc* ; 

• Gal**^ ; h U *T)V1f>) *y A (TMG a ) , h 'Jxf ^ if 'J 7 A (TEG 
a) 

• I nS^ ; h'^fJM^y^A (TMIn) , h 'jxf-;V/f y : J*j (T 
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E I n ) t 0 

• PI#X ; ^-y^^yf^^tX?^ (TBP) , *X7^> ( P H 3 ) & 
•AsSfX; ^-vt^/f^T^y^ (T B A) , T;l/v> ( A s H 3 ) & 

[0 0 4 9] 
(pi K — /<> h) 

•Mgi: t*X->^D^>^yxz;^^^v^A (Cp2Mg) & £* Q 

• Zng: V**f-frW3k (DM Z n) ,vi^;HEI& (DE Z n) =Sr f 0 
(nl K-/f > h) 

• S iglt/y^Vi v >; rr yi&%\Y$nta t' c 

[0 0 5 0] 

[0 0 5 1 ] 

^U, 0 2 (b) IZTTs-tX n * -y v 3 >Jf 2 0 £8H «t 9 ^fcioffijg 
iX/\'7^'j^/ft[a^ ITOJ:i)t^ITOlii3 0HMt^o 
,112 (c) C^tJ;^:, It 7 w$=:±f ICI^If Si: i 
1 5 SrffM-f&o tit, IH2 (d) H^i"ct -9 ITO«I13 0±C, # 
f&^T-^- -y ytc^Si" * til U # > > y K 9 U jg^ £fiJt 

olffl^x-A5 0l^ #§&7lc«T-^ y 7°fIit^^t-r^^^C[lI3 (a 
) izj^irx n CA-7r-f v £Mc (b) i:^tJ;Ti:r^y>^I 

(Dimum* t-y-^- y^yyizx ^mi:Lfz^ ( c ) c^x?- ^ if y^ci 

*) f&Tfc^T"^ y -7° 5 ltc5^f££ti£o fit, (d) tc^i-i^C 

15 (EI3#BB) ^A g^-x h^<7)#mi4^-X h ^fflv^T^t#^*^7c^ 
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>r-V>^) U (e) C^tJ:?t:»-^K5 2HMt^;it:J; «9 ^& 
^SHM 0 0^#ibtL^ o 
[0 0 5 2] 

#*Au J: i9 &&**>-rV >^*/N' y K9CtS7n4 7 £3#£-1-£if£\ M 
S ^rS^« (Dffimfct) (i , I T O ISi 3 0HK^>fV >^n- 7 K90fT 
1?iJx.i£\ HI 5 {Zjjk-tX o l,Z, I TO«ilii3 0 ^ItT^^^ISP 2 4 7& ? M$n 

r ^ & t , jr<Dmmmt& d M^#§^;i£r> 2 4 01^ < , mz. imim 5i:i 

H^*?-(3i3V^-C(i, H4 tC^-T <fc IC, ^'r>3>|2 0«U^^/:^ 
, WltDM^^ ? y a 2 0 mzgt *) , ^-<0j^#**§|*Jt8B 2 4 OJfcSS 

<cmi:<^t% -eo5K f§^«^l^t>n^>L^^^v^ 0 

[0 0 5 3] 

tfz, :w^r>3>|2 0li, plK-/Ofilf^4xi0l6/cm3 
J^_L 9xi0l7/cm3 J^T<7)|£Hl^T% pSA 1 G a I n P * 9 * Ki6i 

>Jf 2 0^<b pIA 1 G a I n P ^ 7 7 Kl6^pl m 
5^tfK£iS# ? £ D K < < & »K ii 1 7'f7^±t^o pIA 1 G a I n P ^ 7 7 
Kl6«plF-^> WlJt(i, 5X101 6 / c m 3 J^_t 1 XlO^/cm 

3 «9 . ^>r-v y rm^mtem 6 o 4xioi6/ c 

m3j£Jl±l X 1 0 1 8/cm3*10iMt:atotv^ 0 
[0 0 5 4] 

- h«tfi:n^^:S v>*», -e<7)±^2iimw#t^§ ^ i t oiii 3 o f>m 

l&ZtLX^&we, IIT01il3 0folZXm%L*-tfrlzmf2>ZttfX*£Z> 
o fit, ^7->3>120li, pi Kwc> hftjRSrfrJEOlEH^WSS-r*^. 
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[0 0 5 5] 

itz, ilit:^tJ;i(:, I T OISi 3 0 t ? y v a >m 2 0 t <DffliH$^ 

i t osse 3 o tmiTZft-c-mm^m 3 1 ^ml, i t otii 30^ 
mki&tfiz i&m-t&o itti^i 3 1 1 toiii 3 0 tcomwz^&u 

frrf'J?% (HlnGaAs t £ ntzit^^-mfaWt^Jb <9 , ®\\?L^k<D J: \z 
LTMt^>:^ ? t^o i"^^*), 110^7V3>12 0±CG aAsl 
^rffML-C, ^fjH^-^L^- I T OMMM 3 0 T"S^\ ^O^t^poo^UgEg L 
t, 0!lx.(^Mm#H*:^*^>^(iA rWffitt^fl^CT, 6 0 0°CW 
±7 5 0°CWT (1?iJx.{i~7 0 0°C) <7M£^-?:\ 5 #W±. 1 2 OWT (1?iJxJ£3 
0#) <vmmm<7)$mm*M1r 0 ^at:J:^ ITOlH20^f)GaAs| 
{CI nrt^ifcU m«^ii3 1 (Eil) 7^#<b*i& 0 f^Mtc J: 
13 11^ EI9(D{;^v^-c, I TOtilt«jS§t:^!t^ I n?MC A # 
, I n tG a t<Dm\ifkmzM-th I nWJtt:t, 0. m_L0. 6J^T<!: 
I/:, I nOkmt. I TOm^H 2 0^^>)¥^^fp]tZit^>-2>HotLilM 

e^ci^t^^t^f) , i Tommm 2 0 t(omw&i% i^it^ 1 n^s^c 

A<^U ^n<hRmiJO%#fcfiCi=;tt& I niikmZCB t Ltzt c B /c 
A^O. 8J^T^&£ «fc 9 KSHg$ft*o Itlgf ^-i 3 1 (i, ifitit^*' 

y ?>m¥-m*mm>ft, -t&fr-tb, ? ? > 3 >m 2 0 a* a 1 g a a s izxm 

Wxtfl x 1 0 1 9/ cm 3@j^) i^^^it^^o 
10 0 5 6] 

Zfz, ^yrt r9i$5£JtmU2 4frh<Djt<D±U9rit'Mm'tz>tztb 
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kinm £ i-a - £ r% d <nmmr-i± i t oiii 3 o vymtmiLtf-m < & o m 

[0 0 5 71 

EI 7 H^i" J; n ^-fl^{;f^i-^>m«-^e 3 1 (i, ^m¥Mt 

was 2 4^-^i:^7fc(imiis^3 i z&M-t&tmt, »iiti:fc^ti 
m * [«] .t $ & c t a* -c § & o 

[0 0 5 81 

H7 (a) - (c) iz^-rx^iz, mm&^m 3 1 cofci&mmz, iromm 

, ( b ) (iM^^coSti^JS 3 1 wfMitt»IJtt ^^5CM 
L£1#|-C&£o £<btc, (c) (i, (a) ^(i^li, 3 1 <^MciM 

4 o o pl m&±<D±wm<7>5&itmi L <vm£-, t^-^m^yt^^mt-t^fz^, 
>r-v y v v 9 mwnM^mm \zm lt, wh^ji 3 1 o^Mfiito 

y y k 9 m&mmmm^ 1 %m± 1 o %j^t 

[0 0 5 91 
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) p|AlGaInP?77Fl 9 * KS) 6 t LTl#Jj£i~ 

£ - t <>Tirfl&T**o £\ plA 1 Ga I nP?77 KJg 6 <7)JP$ t 1 £ 

0. 6 mJ^JLJi 1 0//m*lt L> ^pIK-A> WM£4 XlO^/c 
m3j^_hi x l 0 1 Vcm3*ii;llf^ 0 
[0 0 6 0] 

Z\<Dm&. nlA lGaInP777 K|4li > H7^t4 7<7)^(:il. 
fo%<r>W*mit A,¥&l£&\i*tzit>* tcn>W-Zt 3(ipiAlGaInP77'7 

liC, I T01I13 0 tlt^lif^i3 1 £l£tt£o I 

f Lf;G a A s X •) 4^tSi^i3 1 plA 1 Ga I nP?77 K16C 

lf*£J3< - t***& 0 -e-i-C, 3 UpIAlGaInP777 F 

/I 6 fcOWIlli, AlGaAsi, Gain PfS^A IGalnPi K 

j: i) &£<t>p B i/§3 2 sr^-r*^ tw± ^mt lv> 0 

[0 0 6 1 ] 

&±<vmffi.ftm-?li, &JtmU2 4(D&m*A l G a I n Pfl^-CffMLT 
^fcrt*, (pl777 KJS 6 , mam 5 M'nl 777 K14) * A 1 G 

a I n Nf tB B B i: J; Mt ^ C t i 1 1 dcoif£\ #§7frt3& 2 4 
&fc#<7>S&3fc*j£gffi3Mg7U\ GaAsflSaMlljUt, 0Ox.tfS i Ci 

[0 0 6 21 

Or. #S«r^TOip$tc-CM0VPEftHJ: 0 ffM Lfc&ftar?-* jl 5 
• I T01S1 3 0 =I¥2 : 0 . 8 jum <M1t9te&im= 7 K*% (»«&(±BM: 



ffiiE#2 003-3076032 



mm 2002-308940 



^-v: 25/ 



• nm&&m 3 1 

m$ : 5 nm (fzfzL, KjST^co^ffM-^-f ) 

1 X 1 0 1 9/cm3fI^<h^^ J^{lJ£ffc 0 I T0II13 OCTt 

SL, 7 0 0 r-C 3 0 MIL/: ; 

•AlGaAs^'r>3>|20 Al 0 . 7 Ga 0 . 3 As) 

Zn (pi K-/*> h) mm: 1X101 Vcm3-ixi0l8/ cm 3 

I¥£ : 0 /* nu 0. l^nu 0. 5 ,u nu 1. 5//m, 3^m, 5 // m, 10 
m ; 

• piA 1 Ga I nP^r; K16 (Al 0 . 85Ga 0 . 15) 0. 5^0 
. 5 P) 

Zn (pIF-AVH : 3X10l7/cra3-7X10l7/cm3 

J¥£ : 0 . 5 (x m ; 

• A 1 G a I n P f§14« 5 : (Al 0 . 25Ga 0 . 75) 0. 5 I n 0 
. 5P) 

S>y-7\mZ:0. 6/<ra (tMl6 0 0 nm) ; 

• n MA lGaInP^77 KS 4 I (Al 0 . 8 5 G a 0 . 1 5) 0. 
5 I n 0. 5 p ) 

S i (nlK-A"> h) jftjg : 5X10lVcm3 N : l ^ mo 
[0 0 6 3] 

±f£l&7t«?-^^-^«i. IS2&Dna3 ICTf&W^OIfltii ^ ^iHL L tz 

0 7°<D±£ £(i3 0 0 /ummlj(7)iE^ifmt:^^o ttz, 

1 y v K 9 (± a u Wk^& *) , (iES 10 0// m<7)FWC& & o - o*' > 

T-'-f K9 t^A u^mii^ ^r£, ilfl(7)t-^V-7 ^^>T"V 

[0 0 6 4] 

• §§«Jt ( I v : iimm^li^ 2 OmAtLtz) ; 

• WI^fSimi± ( V F : il«mi/ttit£ 2 0 m A t Lfz) 0 
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itmmt i o oBfwiis^i&^stSrjfld^L, M#^Jt (%) 0 

[0 0 6 5] 

mil±, pl^77 KS 6 CO Z n (pi K-/< > h ) HkSti 5 X 1 0 1 ? / c 

> h ) 0km* 3xi0l7/cm3 KISSe U mM<7)&tt"C$>2>tf>r4 > ?*HJ 
^2$#Hco/f $ £ 0 . 5-1 1 //m <7)ffit::i£5eL£:i: ^ctff K I v 

[0 0 6 6] 
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tv^^^ii, ^«s^<iiii^[fi]«ffi^/h^^ 0 l^u sK>r'-f >rm* 

[0 0 6 8] 



i2(i, pl^77 K^60f $?r0. 5 ju nu 9 y ~> a >m 2 0 <7>W.£Z 1 
^ m (oi 19 , *->r-*-f >^lBiJ^iff^Jw^( ± 1 . 5 ^ m ) tL, if^Z n ( 

[0 0 6 9] 
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[f?2] 





af-T-T^ (%) 


1 X 10 17 


100 


2X 10 17 


100 


3X 10 17 


100 


7X10' 8 


90 


Z^yVMV—sOWM^. : 5 X lO'/crn 3 




3*^7^:7 (%) 


1 X 10 17 


100 


3X 10 17 


100 


5X10' 7 


95 


1 X 10' 8 


80 


2=7 v¥M K— '<l/YW& : 7 X lO'/cm 3 


^^> 3 ylK-^yMit(/cm 3 ) 


11-7-7^7 (%) 


3X10 17 


90 


5X10 17 


90 


7X10' 7 


85 


1 X 10' 8 


70 


* 2X 10' 8 


40 
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77 KS6 tmmXii^rfiX 0 *>/h£ < K5e-T 4 C t i 0, iSCIKcL^ 
OWZn (pi K-/<> h) mm&l X 1 0 1 8/cm3j^±C4^i: (off) 

, **> T4 y y\w*-m\*m<r> z n ( P m k-/*> h ) mm** uioiVcm 
[mi] 

^l&^oifejt^o-^ife^^fltBflljttzT^i-^BIo 

[02] 

HI 1 Ol&jfc^oflijgxeo— fU^^i-^Ho 
[0 3] 

[HI4] 

? v v a (OftfflgttWBIo 
[El 5] 

9 v>a >mzmz%^%itm^iz&tf&r°m&$:m.w-fz>M 0 

[0 6] 

* -y v a >JiO#Zl<7)f^fflSJiWBIo 
[0 7] 

*M#£-f<7>M:^ - > £ v* < o^Lt^tio 
[0 8] 

^m^itm^mmm^m^mmmmzx^-tm^mo 

[0 9] 
[0 1 0] 

[011] 
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[HI 2] 

5 r&ttJf 

6 pl^vKi (^ZflS ? ^ y K® ) 

2 4 1^1^ 

2 0 ^ y > a >Jf 

3 o mmm.wnmm 
3 i wns^e 

3 2 cK^Jl 

6 0 sK > r* -r > ^'ffiiJ 4^#Jf 
1 0 0 l§7fe«T 
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ffc!»38W*fii« 3 0 £7>LT§§7fc«gR2 4 tif^fg^mJErt^nS ft&o @Mtt? 

^7 K9 iCiimffl^m^ r 7^-V4 7ri ? &£-£*i-Cv>& 0 -5-LT, ffitt!5t, 
BMfc*»j89!*«« 3 0K*H-& 3 1 tOWtzii, ^-jgma^^ y K 
i6^r>a>|20J: *)&£^>x-r > ^Iffl^SfMI 6 0/6 ? S£fi^tL^ o M 
> r 8 W > ^tS3M*#* 6 0 (4. K - /< > h ifcjgrt* 4 x 1 0 1 6/ cm 3j,ui 
X 1 0 1 8/cm3jJJ,Tf*l), *»o, J¥$ri*l. 2^mJ^±l O^mJ^Tt? 

[S^IU] El 1 
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SfeglJ*-^ [ 0 0 0 1 9 0 1 4 9 ] 

1 . fl^fl 0 1990^ 8£ 7B 

ft $a«fftEEAortlTI4f 2 
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ai i a i i it i 

flfcBU*-^ [ 5 0 1 0 4 5 0 2 1 ] 

1 . B 2 0 0 1 ^1 lfl 80 

ffi 3r m^«J = «WTil«3 TB 3 8 #4 -si- 
ft * w^n-f-y^-^ 

2 . B 2 0 0 2 ^ 1 J! 2 5 B 

tfr JKSC» = *ltjTit* 3 T@ 3 8 M 4 £11*^7-? 4 0 

8 

ft £ ft^Mtyfn 



